on soils having Mehlich-1 extractable K of 177 kg ha
reported that KNO 3 increased lint yields, relative to the kg B plus 4.1 kg K ha Ϫ1 increased yields by 13%. Foliar K solution other sources, in two of the three years. Mullins and buffering and/or the inclusion of foliar B are relatively inexpensive ways of improving yield response. Based on yield increases in this Burmester (1995) reported that lint yields were instudy, these treatments should return 8 to 10 times the product costs.
creased by foliar application of K (with no differences among the sources KNO 3 , K 2 SO 4 , K 2 S 2 O 3 , and KCl) on a Lucedale sandy clay loam (Rhodic Paleudults) having 116 kg ha Ϫ1 Mehlich-1 extractable K (medium test soil).
F
oliar K fertilization by cotton growers, and in reModifying foliar K solution chemistry has improved search tests across the U.S. Cotton Belt has resulted K uptake of cotton (Heitholt, 1994; Howard and Gwathin inconsistent and largely unpredictable yield remey, 1995; Chang and Oosterhuis, 1995) . Howard and sponses. Oosterhuis et al. (1994) evaluated foliar K apGwathmey (1995) reported higher leaf and petiole K plications over a wide range of soil and climatic condiconcentrations at 1, 3, and 7 d after foliar application tions and reported that yield increases were inconsistent of KNO 3 with a surfactant (Penetrator Plus), compared with location and between years. with a nonfoliar check or foliar KNO 3 applied without Arkansas researchers (Maples et al., 1988 (Maples et al., -1989 specthe adjuvant. Foliar K increased second-harvest and ulated that the K requirement of fast-fruiting and hightotal lint yields of cotton produced on soils having Mehyielding cultivars late in the growing season exceeds lich-1 extractable K ranging from 168 to 202 kg ha Ϫ1 plant uptake. The plant root system activity of these (high test level). Increases in second-harvest lint yields high-yielding cultivars begins to decrease at flowering, indicate that K availability to the plant was marginal or which is the beginning of high K demand by the develdeficient for boll production in the upper part of the oping boll (Oosterhuis, 1993) . Plant growth on a soil of plant. Adding Penetrator Plus-buffered foliar KNO 3 solimited K availability coupled with restricted root activlutions to pH 5.5, compared with a pH of 9.4 for the ity has a dramatic effect on K uptake. unbuffered solution (Howard, 1993) . Shafer and Reed Foliar K supplemented soil K applications for maxi- (1986) suggested that K absorption from foliar applicamum cotton yields on a soil initially having a low Mehtions could be enhanced by modifying solution pH lich-1 extractable K level of 95 kg ha Ϫ1 (Howard et al., values. 1998 
MATERIALS AND METHODS
Borox, Valencia, CA) and the foliar K source was KNO 3 . Foliar treatments were applied four times each year. Field experiments were initiated in 1992 to evaluate the effects that foliar nutrient applications to conventionally tilled cotton produced on a Collins silt loam at the West Tennessee All foliar treatments were applied in 93.5 L ha Ϫ1 water. In The cultivar D&PL 50 was planted conventionally by mid-1992, the foliar treatments were applied beginning 14 d after May each year. The experimental design for the tests was flowering, with subsequent applications at 14-d intervals. In a randomized complete block, with five or six replications.
1993, foliar treatments were begun at midflowering, with subIndividual plots were four rows wide, with cotton planted in sequent applications again at 14-d intervals. In 1994, the treat-0.97-m rows at WTES and 1.02-m rows at Ames Plantation.
ments were begun at midflowering; the second application Plot lengths were 12.2 m for the boron study, and 9.1 m for was 14 d later, with the third and fourth applications at 9-d the other two studies. Plots were fertilized with 90 kg N ha Ϫ1 intervals thereafter. Treatments in 1995 began at flowering, as NH 4 NO 3 , 15 kg P ha Ϫ1 as triple superphosphate, and 28 with subsequent applications at 9-d intervals. The application kg K ha Ϫ1 as KCl, and disked several times before planting. intervals were based on the best available information and Recommended production practices (Shelby, 1996) were used were changed as research indicated improved effectiveness at both locations.
from shorter application intervals (D.M. Oosterhuis, personal communication, 1993) . Foliar treatments were applied using a multiline boom mounted on a high clearance sprayer to
Potassium Source Study
apply treatments with one trip through the field. The spray Field experiments were conducted between 1993 through system was pressurized with CO 2 . 1995 at WTES on a Collins silt loam having 190 kg ha Ϫ1
Petioles and leaf blades were collected from 20 fully exMehlich-1 extractable K (high soil test level) and during 1993 panded main stem leaves (generally the fourth primary leaf and 1994 at Ames Plantation on a Memphis silt loam having below the terminal) of the two center rows of each plot. Plant 222 kg ha Ϫ1 Mehlich-1 extractable K (high test level). Four materials were collected from the two K studies before each foliar K sources (KNO 3 , K 2 SO 4 , K 2 S 2 O 3 , and KCl) were compared with a nonfoliar check. Four foliar applications of 4.1 1 The use of trade names in this publication is for clarity and does kg K ha Ϫ1 were applied annually. These solutions were not not imply approval of the product to the exclusion of others which altered by adjusting solution pH. A Ca(NO 3 ) 2 treatment to may be of similar suitable composition, nor does it guarantee or warrant the standard of the product. supply 1.6 kg N ha Ϫ1 per application was included to determine ties greater than ␣ ϭ 0.05 were categorized as nonsignificant.
Error b 60 *, **, *** Significant at the 0.05, 0.01, and 0.001 probability levels, respectively.
RESULTS AND DISCUSSION
Data from the three studies will be presented and foliar application, to evaluate petiole K sufficiency based on discussed separately.
Arkansas sufficiency levels . Plant materials from the B test were collected at 3 d after foliar applications to evaluate uptake, since Howard and Gwathmey (1995) with the other K sources may be due to the N compo- nent. The mean total lint yield difference of 53 kg ha difference between the three non-N foliar K sources and KNO 3 (51 kg ha Ϫ1 ). In other studies, lint yields were plants ranged from 18 g kg Ϫ1 in the top of the plant to increased with foliar N applications to cotton produced 8 g kg Ϫ1 several nodes below the top. They also conon two soils having high levels of Mehlich-1 extractable cluded that acropetal translocation of K is reduced first K (Howard et al., 1997) .
in the boll development process. Therefore, petiole K These findings agree with research conducted by Miin the top of the plant may be sufficient at flowering, ley and Oosterhuis (1994), but differ from those of Mulonly to decrease to a deficient level with boll formation lins and Burmester (1995); however, Miley and Oosterand development. huis (1994) reported higher total lint yields and higher second-harvest lint yields from foliar-applied KNO 3 ,
Buffered Solution Study
whereas second-harvest yields were not affected by treatment in this study. The study by Miley and Ooster-
The analyses of variance indicate that lint yields from huis (1994) was conducted over a three-year period, the first and second harvests and total lint yields were evaluating five K sources on a Loring-Calloway soil affected by treatment (Table 1 ). The foliar treatment complex (Typic and Glossaquic Fragiudalfs) having 200 effects on total lint yields were inconsistent over the four kg ha Ϫ1 Mehlich-3 extractable K. Mullins and Burmester years, as indicated by the year ϫ treatment interaction. (1995) reported no yield differences from foliar applicaFoliar solutions of K 2 SO 4 buffered to pH 4 and KNO 3 tion of KNO 3 and K 2 SO 4 to cotton produced on a Lucedwith the adjuvant Penetrator Plus increased the 1992 ale sandy clay loam (Rhodic Paleudults) having 116 kg lint yields compared with the check, unbuffered K 2 SO 4 , ha Ϫ1 Mehlich-1 extractable K. and K 2 SO 4 buffered to pH 6 (Table 4 ). The contrast Foliar K source treatments did not affect lint yields analyses show that, as a group, the foliar K treatments of cotton grown on the Memphis silt loam (data not did not increase the 1992 lint yields (Table 5) , mainly shown). Two-year average lint yields from the Memphis due to the effect of the K 2 SO 4 treatment buffered to silt loam ranged from 743 to 803 kg ha Ϫ1 , which were pH 6. Buffering both K sources to pH 4 increased lint 35 to 40% lower than lint yields from the Collins silt yields compared with applying solutions buffered to pH loam. Although the soil had 222 kg ha Ϫ1 of Mehlich-1 6. Foliar application of pH-6-buffered K 2 SO 4 resulted extractable K, plant uptake of soil K was sufficient for in a lower yield than the check or other treatments: the yield level. Oosterhuis (1993) pointed out that the thus, the interaction. Buffering the two foliar K sources peak demand for K is at boll fill, with greater boll load to pH 4 also increased the 1993 lint yields compared with and potential yield associated with a greater need by the untreated check and unbuffered KNO 3 solutions the plant for K. These requirements were apparently (Table 4 ). The 1993 contrast analyses indicate that foliar lower on the Memphis soil in this study.
K solutions increased yields relative to the nonfoliar Leaf and petiole K concentrations from cotton protreated check (Table 5 ). Buffering the two K source duced on the Collins silt loam were not affected by solutions to pH 4 resulted in higher yields than with pH 6 treatment except for the third leaf blade sample (Table  buffering . In 1994, buffering K 2 SO 4 to pH 4 significantly 2). The decrease in petiole K for the KNO 3 and check increased yields compared with the other treatments treatments during 1994 were compared with the Arkan- (Table 4 ). Applying the unbuffered K 2 SO 4 and pH-6-sas sufficiency K level (Fig. 1) . The petiole K concentrabuffered K 2 SO 4 solutions resulted in the lowest yields tions of both treatments dropped below the sufficiency in 1994. Buffering the K sources to pH 4 produced level 14 d after flowering. This suggests that K from higher yields than buffering to pH 6 in 1992, 1993, and foliar treatments was directly translocated to K sinks 1994 (Table 5) . Foliar treatments did not affect the 1995 elsewhere in the plant, such as bolls. Bednarz and Oostlint yields. Across years, foliar applications of KNO 3 with the erhuis (1996) reported that petiole K levels of deficient Table 5 . ‡ Within columns, means followed by the same letter are not significantly different at ␣ ϭ 0.05. § Adjuvant (Penetrator Plus surfactant) added at 1.25% (v/v).
adjuvant Penetrator Plus or the two K sources buffered 4 increased four-year average second-harvest lint yields to pH 4 resulted in higher first-harvest and total yields compared with other treatments, except for the pH 4 compared with the unfertilized check ( Table 4 ). The K 2 SO 4 and the check (Table 4 ). Contrast analysis indimagnitude of increase ranged from 6 to 16%. Contrast cates that both K sources buffered to pH 4 resulted in analyses further indicate that buffering the foliar soluhigher yields than did pH-6-buffered solutions (Table  tions to pH 4 increased four-year average yields, com-5). Increased second-harvest lint yields indicate that the pared with applying K solutions that were either unbuftreatments were contributing to late boll development. fered or buffered to pH 6. Increased first-harvest lint A foliar K response at second harvest would be expected yields indicate that the treatments were improving early when K deficiencies, whether hidden or visible, occur boll development that may have been restricted by rein the upper portion of the plant and when conditions duced K availability to the plant (Howard et al., 1998) .
allow late-set bolls to mature (Howard and GwathFoliar application of KNO 3 solutions buffered to pH mey, 1995). Total lint yields, averaged across four years, were previous findings (Baker et al., 1994) . The petiole K 8%, respectively, compared with the lower foliar B applications. Apparently, giving four foliar applications of 0.22 kg B ha Ϫ1 was approaching an excess for cotton produced in this experiment. Leaf B concentration was significantly higher after the first sample period for this foliar B rate compared with foliar application of 0.11 kg B ha Ϫ1 , and was approximately twice that of the check after the fourth application. Four foliar applications, each at 0.11 kg B ha Ϫ1 , resulted in lint yields comparable to soil application of B at 0.56 kg ha
Ϫ1
. Foliar-applied B plus K solution further increased total lint yields by 5% relative to applying foliar B alone (0.11 kg B ha Ϫ1 per application), but did not have an effect on first-harvest lint yields. This observation suggests that K uptake from this soil may have limited the response to applied B, but this is only speculation, since kg B ha Ϫ1 rate. Applying limestone did not reduce B availability sufficiently to make the yield response to concentration of the unfertilized check was above the applying foliar B greater than that produced by the Arkansas sufficiency level at 23 d after flowering, but foliar 0.11 kg B ha Ϫ1 application rate. had dropped below the sufficiency level by 31 d after Neither foliar B nor foliar B plus K treatments had flowering. Buffering K 2 SO 4 to pH 4 resulted in petiole any effect on the 1994 leaf blade or petiole K concentra-K concentrations that remained above the Arkansas tions (data not shown). Results from this study differ sufficiency level throughout the sample period. Higher from those of Heitholt (1994) , who found no yield reyields were also associated with the higher petiole K sponse to soil or foliar B application to cotton on a concentrations, which suggests that buffering to less Beulah fine sandy loam (Typic Dystrochrepts). Heitholt than pH 6 may improve the likelihood of a yield re-(1994) demonstrated that leaf B concentrations insponse.
creased from about 50 to 150 mg kg Ϫ1 at 3 d after foliar B applications of 1.78 kg B ha Ϫ1 . The lack of yield
Boron Study
response was attributed to leaf B concentrations above Boron treatment effects on lint yields were consistent a critical concentration of 25 mg kg Ϫ1 . Our study sugover the three years, since there was not a year ϫ treatgests that yield responses to foliar B are possible at ment interaction (Table 1) . Both first-harvest and total concentrations above this critical level. However, yield lint yields were improved by all but one treatment comresponses may depend in part on foliar application of pared with the untreated check (Table 6 ). First-harvest B throughout the reproductive phase (0.11 kg B ha Ϫ1 lint yields were increased by 9% with soil-applied B, by per application) and optimizing K nutrition at the same 8% with applied limestone and foliar B, and by 13% time. This indicates that an integrated strategy of foliar with foliar-applied B plus K applications. Total lint feeding of B and K may be developed. yields were increased compared with the check by all the foliar B treatments except the 0.22 kg B ha Ϫ1 level.
CONCLUSIONS
Relative to the untreated check, foliar applications of B plus K increased yield 13%, foliar B applications Obtaining a yield response in cotton to foliar K may be improved by choice of K source, buffering the K increased yields 11%, and applying B to the soil increased yields 6% (Table 6 ). The high foliar B treatment solution and by applying in combination with B. The treatments that produced the largest response in these reduced both first-harvest and total lint yields by 9 and increased lint yields in three years out of four, and in-1998. Potassium fertilization of cotton produced on a low K soil creased four-year average yields 13% relative to the with contrasting tillage systems. J. Prod. Agric. 11:74-79. Maples, R.L., W.R. Thompson, Jr., and Joe Varvil. 1988-1989. Potas- check. This treatment also maintained petiole K concensium deficiency in cotton takes on a new look. Better Crops Plant
